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nprotected Left Main Coronary Disease and
T-Segment Elevation Myocardial Infarction
Contemporary Review and Argument for Percutaneous Coronary Intervention

ichael S. Lee, MD,* Pooya Bokhoor, MD,* Seung-Jung Park, MD,† Young-Hak Kim, MD,†
regg W. Stone, MD,‡ Imad Sheiban, MD,§ Giuseppe Biondi-Zoccai, MD,§
ario Sillano, MD,§ Jonathan Tobis, MD,* David E. Kandzari, MD�

os Angeles and La Jolla, California; Seoul, South Korea; New York, New York; and Turin, Italy

cute occlusion involving the unprotected left main coronary artery (ULMCA) is a clinically catastrophic

vent, often leading to abrupt and severe circulatory failure, lethal arrhythmias, and sudden cardiac

eath. Although coronary artery bypass grafting (CABG) is the standard of care for ULMCA disease

n patients with stable ischemic heart disease, uncertainty surrounds the optimal revascularization

trategy for patients with ST-elevation myocardial infarction (MI) and ULMCA occlusion who survive to

ospitalization, and treatment guidelines in this setting are vague. Percutaneous coronary intervention

PCI) is technically feasible in most patients, has the advantage of providing more rapid reperfusion com-

ared with CABG with acceptable short- and long-term outcomes, and is associated with a lower risk of

troke. PCI of the ULMCA should be considered as a viable alternative to CABG for selected patients with

I, including those with ULMCA occlusion and less than Thrombolysis In Myocardial Infarction flow grade 3,

ardiogenic shock, persistent ventricular arrhythmias, and significant comorbidities. The higher risk of target

essel revascularization associated with ULMCA PCI compared with CABG is an acceptable tradeoff given

he primary need for rapid reperfusion to enhance survival. (J Am Coll Cardiol Intv 2010;3:791–5) © 2010

y the American College of Cardiology Foundation
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lthough the previous version of the guidelines
tated that the standard of care for patients with
ignificant unprotected left main coronary artery
ULMCA) disease is coronary artery bypass graft-
ng (CABG), the 2009 American College of Car-
iology (ACC)/American Heart Association
AHA) focused guidelines for percutaneous coro-
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ary intervention (PCI) state that ULMCA stent-
ng may be considered in patients with anatomic
onditions that are associated with a low risk of
rocedural complications and clinical conditions
hat predict an increased risk of adverse surgical
utcomes (class IIb) (1,2). Acute occlusion involving
he ULMCA, which accounts for 0.8% of patients
ho undergo primary PCI (3), is a clinically cata-

trophic event, often leading to abrupt and severe
irculatory failure, lethal arrhythmias, and sudden
ardiac death. Patients with ULMCA disease with
T-segment elevation myocardial infarction

STEMI) who survive to hospitalization are typically
ritically ill, may suffer from cardiogenic shock, and
ave high mortality rates, and both the acuity of the
vent and critical condition of the patient may pre-
lude the opportunity for emergency CABG (4).

Uncertainty surrounds the optimal revasculariza-

ion strategy for STEMI patients and ULMCA



d
2
P
i
a
U
U
n
M
r
c
U
t
l

P
W

M
i
s
(
p
(
P
r
f
i
u
o

C
f

N
P

d
d
s
i
c
C

o
h
w
m

L
C
U

A
t
t
a
a
t
C
c
a
f
w

w
n
c
a
c
v
t
a
m
m
t
o
t
l
l
p
s
i
p
l
t

A
a

A
C

A
A

C
b

D

M

P
c

S
e
i

U
m

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 3 , N O . 8 , 2 0 1 0

A U G U S T 2 0 1 0 : 7 9 1 – 5

Lee et al.

Left Main PCI in STEMI

792
isease, and treatment guidelines in this setting are vague. The
004 revised ACC/AHA STEMI guidelines indicate that
CI is class Ia indication in cardiogenic shock and a class Ia

ndication for CABG if there is suitable coronary anatomy, but
gain do not provide specific treatment recommendations for
LMCA disease (5). Considering the clinical dilemma that
LMCA disease presents in the setting of STEMI, there is a
eed to better understand the evidence base regarding UL-
CA revascularization strategies and to establish treatment

ecommendations. The present report critically evaluates the
urrent evidence to elucidate the role of primary PCI for
LMCA occlusion, supporting PCI as superior to medical

herapy alone and as a suitable alternative to surgical revascu-
arization in selected cases.

rocedural, In-Hospital, and Long-Term Outcomes
ith PCI for STEMI Due to ULMCA Occlusion

As with less complex lesions and
clinical settings, procedural suc-
cess has improved considerably
when percutaneous revasculariza-
tion with stenting (compared with
angioplasty alone) is performed
for ULMCA disease in STEMI.
Although data on long-term
follow-up are limited in this indi-
cation, patients who survive to
discharge following ULMCA
PCI have a favorable prognosis. In
a retrospective multicenter inter-
national registry, angiographic
success was achieved in all 23
patients, with no deaths after the
first month in patients with
STEMI who underwent UL-

CA PCI with drug-eluting stents (DES) (6). Although the
n-hospital mortality rate was 44% in 18 patients (cardiogenic
hock present in 78%) who underwent primary PCI, Lee et al.
7) reported no subsequent death or MI during a follow-up
eriod of 39 � 22 months. In another study of 16 patients
cardiogenic shock present in 69%) who underwent ULMCA
CI with DES for STEMI, despite an in-hospital mortality

ate of 44%, there were no subsequent deaths at a mean
ollow-up of 215 days (8). Prasad et al. (9) reported an
n-hospital mortality rate of 35% among 28 patients who
nderwent primary PCI for ULMCA occlusion, yet there was
nly 1 death at a follow-up of 26 � 12 months.

omparisons of Outcomes With PCI Versus CABG
or STEMI Due to ULMCA Occlusion

onrandomized and randomized data examining ULMCA

bbreviations
nd Acronyms

CC � American College of
ardiology

HA � American Heart
ssociation

ABG � coronary artery
ypass grafting

ES � drug-eluting stent(s)

I � myocardial infarction

CI � percutaneous
oronary intervention

TEMI � ST-segment
levation myocardial
nfarction

LMCA � unprotected left
ain coronary artery
CI in nonemergency cases compared with CABG have not t
emonstrated significant differences in the outcomes of
eath or MI (10–12). This has led to increasing interest
urrounding the role of PCI in more acute situations
nvolving ULMCA disease, in which patients are often too
ritically ill and hemodynamically unstable to undergo
ABG.
Studies evaluating surgical revascularization of ULMCA

cclusion in patients with acute MI are limited but indicate
igh clinical risk for such patients. In a study of 13 patients
ith acute MI due to ULMCA occlusion, the in-hospital
ortality rate after emergency CABG was 46% (13).

imitations to the Current Evidence
omparing Revascularization Strategies in
LMCA Disease and MI

mong existing studies reporting outcomes in MI related
o ULMCA disease, 3 themes have emerged regarding
reatment strategies: 1) clinical outcome is improved with
ny revascularization compared with medical therapy
lone (14 –16); 2) among revascularization patients, a
reatment bias favoring performance of PCI rather than
ABG in higher clinical risk patients prohibits direct

omparison between the 2 revascularization modalities;
nd 3) despite differences in patient groups and decisions
or treatment, ULMCA PCI in STEMI is associated
ith similar survival rates compared with CABG (16).
Aside from the small sample size of individual trials,

hich limits any definite conclusion, the observational,
onrandomized design of these trials enables significant
onfounding and imbalance in factors like patient vari-
bility (e.g., age, illness severity, cardiogenic shock, and
oronary anatomy), different primary end points, and
arious periods of follow-up between treatment groups
hat are only partially accounted for through multivari-
ble and propensity score adjustments. Subjective assess-
ent of each patient by a physician and a nonobjective
eans of deciding the appropriate intervention are often-

imes very difficult. Patients undergoing emergency PCI are
ften more unstable than ones undergoing CABG because
heir higher risk precludes surgical revascularization. Further,
ack of application of the intention-to-treat principle chal-
enges comparisons between PCI and CABG; specifically,
atients considered for CABG who do not survive to
urgery or are later deemed ineligible are not represented
n CABG-related outcomes. Conversely, if the very same
atients underwent PCI and subsequently died, they nonethe-

ess would be considered PCI-related deaths despite the fact
hat death would have occurred no matter what revasculariza-

ion strategy was chosen.
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dvancing ULMCA PCI as a Standard in STEMI

ulticenter randomized trials are necessary to evaluate the
ole of PCI while taking into account the limitations
entioned earlier. However, it is unlikely that a randomized

ontrolled trial with sufficient size for this indication will
ver be conducted given the logistic complexities of such
study and the treatment biases that favor one therapy

ver another. Nevertheless, there is an opportunity
hrough studies to further refine our understanding of
LMCA PCI in STEMI. Fundamental issues specific to
CI in this setting that still require clarification include:
) possible advantages of PCI with respect to more rapid
eperfusion compared with CABG; 2) the safety and efficacy
f DES along with technical considerations regarding the
reatment of the distal ULMCA; 3) duration of dual
ntiplatelet therapy; 4) possible advantages of PCI with
espect to lower risk of stroke compared with CABG;
) role of catheter-based hemodynamic support; and
) strategy of complete revascularization with treatment of
nfarct-related and noninfarct-related arteries in patients
ith cardiogenic shock.
PCI may be performed more expeditiously than CABG

nd promptly reperfuse the infarcted artery, potentially
eversing arrhythmic and hemodynamic instability. Delays
o reperfusion with CABG, which may take an hour or
onger during off-peak hours to establish cardiopulmonary
ypass, can be catastrophic in this situation. Hence, we
dvocate the consideration of emergency PCI as a preferred
lternative to CABG in the following situations and when
CI can be performed in a timely fashion by experienced
perators (5): 1) ULMCA occlusion with less than Throm-
olysis In Myocardial Infarction (TIMI) flow grade 3;
) cardiogenic shock and/or life-threatening arrhythmias; or
) coexisting illnesses or conditions that pose excessive risk
f CABG-related complications (e.g., chronic obstructive
ulmonary disease, cerebrovascular disease). If there is
IMI flow grade 3 and the patient is not in cardiogenic

hock, then time is less critical, and the decision regarding
CI versus CABG can be made based on whether the
natomy is favorable for PCI (ostial or midshaft as opposed
o distal bifurcation disease), whether there is multivessel
isease, and whether there are other comorbidities that
ould make surgery a less attractive alternative.
The antirestenotic benefit of DES is less of an immediate

ssue in ULMCA PCI than is survival itself. Surgeons
ommonly use the saphenous vein graft rather than the left
nternal mammary artery to anastomose the left anterior
escending coronary artery in these critically ill patients.
urthermore, PCI of the ostial or midshaft ULMCA is less

echnically challenging and are associated with lower reste-
osis rates compared with the distal bifurcation, especially
hen 2 stents are required (17,18). Although lesion local-
zation and complexity in guiding decisions regarding the u
ppropriate revascularization modality are important to
onsider, PCI is still a reasonable initial strategy even in
atients with distal bifurcation disease, as restenosis can be
anaged in most cases with a repeat percutaneous approach

84%) or with subsequent CABG (19).
Stent thrombosis is a dreaded and catastrophic compli-

ation of ULMCA PCI, typically resulting in either large
I or death. The risk of stent thrombosis is generally

igher in patients who undergo primary PCI in MI than
lective PCI (20,21), raising uncertainty about the use of
ES in ULMCA PCI in acute MI. Although the optimal

djunctive pharmacotherapy and duration of antiplatelet
herapy is still uncertain, primary PCI with DES is still
hallenged by difficulty ascertaining the patient’s likeli-
ood for compliance with dual-antiplatelet therapy. In the
REMIER (Prospective Registry Evaluating Myocardial
nfarction: Events and Recovery), 13.6% of MI patients
ho underwent primary PCI with DES discontinued clo-
idogrel within 30 days of discharge (22). Compared with
atients who were compliant with long-term dual-
ntiplatelet therapy, early discontinuation was associated
ith significantly higher death and rehospitalization at 1
ear. The consequences of premature antiplatelet therapy
iscontinuation are likely to be even greater after ULMCA
tenting. Therefore, if possible, the cardiologist should
iscuss with the patient the importance of dual-antiplatelet
herapy for at least 12 months prior to the implantation of
ES and inquire about any impending surgery in the next

2 months that would require premature discontinuation of
ual-antiplatelet therapy. If likely compliance remains a
oncern, bare-metal stents should be used rather than DES.

A consideration in evaluating the safety profiles of
ABG and PCI is the risk of stroke, especially in the

lderly. In the subset of patients with ULMCA disease in
he SYNTAX (Synergy between PCI with Taxus and
ardiac Surgery) trial, CABG was associated with a higher

ate of stroke compared with PCI (2.7% vs. 0.3%, p �
.009) (12). The reason for this may be that CABG patients
re exposed to surgical risks such as perioperative thrombo-
mboli or surgical manipulation or cannulation of the aorta.

Intra-aortic balloon counterpulsation is recommended by
he ACC/AHA for STEMI patients with cardiogenic
hock who undergo primary PCI (5). Although there are no
ata regarding the use of intra-aortic balloon counterpulsa-
ion in emergent ULMCA PCI in MI, its elective use in
on-emergent PCI may decrease the risk of intraprocedural
vents in higher-risk patients (23). Percutaneous left ven-
ricular assist devices have not been studied specifically in
TEMI patients who underwent ULMCA PCI. Although
ercutaneous left ventricular assist devices provide superior
emodynamic support in patients with cardiogenic shock
ompared with intra-aortic balloon counterpulsation, the

se of these devices did not improve early survival (24).
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ore data are required before percutaneous left ventricular
ssist devices can be routinely recommended as first-line
herapy in the mechanical management of cardiogenic
hock.

It is imperative to achieve TIMI flow grade 3, as it is
ssociated with the lowest mortality in patients with MI
omplicated by cardiogenic shock (25,26). Incomplete re-
ascularization is an independent predictor of in-hospital
ortality in patients who undergo emergency ULMCA
CI for acute MI (27). PCI of the noninfarct-related artery

o provide complete revascularization in patients with con-
omitant multivessel disease should be considered
n patients that remain hemodynamically unstable after
LMCA PCI, especially if there is regional wall motion in

he distribution of the noninfarct-related artery (5). On the
ontrary, CABG may be preferred if complete revascular-
zation cannot be achieved with PCI, or when a mechanical
omplication such as severe mitral regurgitation or a ven-
ricular septal defect is present.

onclusions

rimary PCI of the ULMCA is technically feasible in most
atients and has the advantage of providing more rapid
eperfusion compared with CABG, with acceptable short-
erm and long-term outcomes with a lower risk of stroke.
lthough there remains controversy regarding the role of
LMCA PCI in elective settings, primary PCI in ST-

egment elevation MI should be considered a suitable
lternative to CABG in patients with ULMCA occlusion
nd TIMI flow grade �3, critically ill patients with cardi-
genic shock, persistent ventricular arrhythmia, and signif-
cant comorbidities. The higher risk of target vessel revas-
ularization associated with ULMCA PCI is acceptable
iven the severity and time urgency of effective reperfusion
n this setting. Although a multicenter trial would be
referred to definitively establish the optimal treatment
trategy for acute MI involving the ULMCA, it is unlikely
hat a randomized trial of sufficient size will be conducted
or this indication given the logistical complexities of such
n undertaking. Absent a randomized trial, it is our belief
hat physicians and guidelines committees should recognize
rimary PCI as the preferred reperfusion modality for
elected patients with ULMCA occlusion and TIMI flow
rade �3. For non–ST-segment elevation acute coronary
yndrome and ULMCA disease, a randomized trial com-
aring CABG and PCI is warranted.

eprint requests and correspondence: Dr. Michael S. Lee,
CLA Medical Center, Adult Cardiac Catheterization Labora-

ory, 10833 Le Conte Avenue, Room A2-237 CHS, Los Angeles,
alifornia 90095. E-mail: mslee@mednet.ucla.edu.
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